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ABSTRACT 


The general form and scale surface of the paired, male pheromone 
producing systems of six noctuid species (Erana gramtnosa (Walker), 
Mamestra configurata (Walker), Melanchra aleyone (Hudson), Pseudaletta 
Separata (Walker), Rhapsa scotostalis (Walker) and Rusina verberata 
(Smith)) were examined and an hypothesis was developed to explain the 
evolution of scale form in this family. 

The most complex system, the Stobbe's gland and hair pencil of 
M. configurata was investigated in detail (fig. 70). The Stobbe's 
gland is a small group of 60 to 70 very large cells clustered around 
a duct formed by a bundle of scales. The hair pencil is a tract of 
Specialized scales linked by a cuticularized lever to the second 
abdominal sternite. The distal half of each of these scales has a 
very unusual surface. Longitudinal ridges are thrown into sinusoidal 
waves, bound together where they approach each other by small blocks 
GLecuticie. — Avery. thin (120 A) membrane forms the surface between 
the sees These substructures form an evaporative surface for 
pheromone release. 

The major component & the male pheromone of M. configurata is 
2-phenyl ethanol. Two smaller components were not identified. Benz- 
aldehyde has been identified as the pheromone of P. separata. 

Both Stobbe's gland and hair pencil begin development on the 
surface of paired lateral abdominal pouches in the exuvial pharate 
Sault The trichogen cells of the hair pencil primordium produce 


rapidly-elongating columns of cytoplasm surrounded by a fine membrane. 
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Once their full length of 4—5 mm is attained, the primary or cell- 
defined microsculpture is formed and the scale begins cuticularization. 
The hair pencil hard parts, the basal sclerite and the lever form by 
local sclerotization of the walls of the membranous pouch. 

The trichogen cells of the Stobbe's gland rapidly hypertrophy 
with much of their later increase in size resulting from the formation 
of an extracellular cavity within each cell. Each mature gland cell 
extrudes large vesicles into its extracellular cavity. 

These vesicles contain phenylethyl-8-glycoside in M. configurata 
and benzyl-f8-glycoside in P. separata immediate precursors, respectively, 
of the pheromones 2-phenyl ethanol and benzaldehyde. The Stobbe's gland 
alone appears to be responsible for the synthesis of these compounds. 
L-phenylalanine, and more tentatively, cinnamic acid, are incorporated 
into the glycoside of M. conftgurata and may represent the start of 
the metabolic sequence. Both simple precursors are taken up most 
rapidly at that time in development when the wing scales begin to be 
pigmented. 

The hydrolysis of this glycoside to the pheromone 2-phenyl 
ethanol is accomplished by an enzyme produced by the hair pencil cap 
cells (fig. 70). The enzyme seems to travel down the hairscales to 


make contact with the glycoside near the transition area (2). 
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I. INTRODUCTION 


Male Lepidoptera have long been known to possess scent organs 
that are used during courtship. A review of the older literature by 
McColl (1969) reveals that all of these systems involve scale tracts. 

Dust particles provide a common means of transferring the 
chemical to the female of diurnal species. Three methods of pro- 
ducing dust particles have so far been described: (a) fragmentation 
of elongated scales at preformed breaking points in Carcharodus 
aleeae (Esper), Ochlodes sylvanus (Esper), Hesperta comma (Linnaeus) 
and Thymelicus sylvestrts (Poda) (Sellier, 1972), (b) pinching off 
of small outpocketings cof the epicuticle of the scale in Danaus 
gtltppus berenice (Cramer) (Pliske and Salpeter, i971) and (c) re- 
lease of whole minute scales in Anttrrhea phtloctetes (Clerck) 
(Vane-Wright, 1972). 

In contrast, all nocturnal species so far examined evaporate 
the scent from a highly dissected scale surface (Birch, 1970b; Grant 
and Brady, 1973; Weatherston and Percy, 1969). These scents, 
compounds of low molecular weight, have been isolated from the 
pheromone systems of several species (Aplin and Birch, 1968, 1970; 
Brady and Brand, 1972; Clearwater, 1971, 1972). 

_Stobbe (1912) first described the major components of a complex 
pheromone system in the Noctuidae. Birch (1'970b, 1972) has recently 
redescribed this system, including details of muscle distribution 
and function, and of the variations in structure occurring within 
the family. The system consists of paired scent brushes (hair pencils), 


scent glands (Stobbe's glands) and storage pockets (fig. 70). The 
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sternites of abdominal segments 2—4 are modified to form the paired 
Storage pockets, and paired sclerotized levers bearing the brushes 
and apodemes for the attachment of muscles that operate the brushes. 
The Stobbe's glands within the second abdominal segment produce 
a pheromone precursor (Birch, 1970b). Each gland consists of several 
cells opening into a scale duct which leads to the brush. In 
Pseudaletta separata (Walker) the secretory cycle of this gland 
consists of three phases (Clearwater and Sarafis, 1973). Though many 
pheromones have been isolated from the hair pencils, the nature of the 
secretions from the Stobbe's gland is unknown. Birch (1970b) has 
tentatively suggested that a B-glycoside is produced, preceding 
formation of benzaldehyde, the pheromone of Leucanita impura (Hubner). 
Formation and storage of a glycoside is a common characteristic 
of insect endocrine systems (Happ, 1968; Roth and Stay, 1958) and 
of detoxification mechanisms (Mehendale and Dorough, 1972). The 
defensive glands of Eleodes longtcollts (LeConte) secrete p-diphenol 
glucosides. These substances are hydrolyzed to the free diphenol, 
and o-benzoquinones by enzymes associated with a cuticular organelle 
(Happ, 1968). Simple precursors (acetate, propionate and malonate) 
as well as aromatic precursors (tyrosine and phenylalanine) are 
readily incorporated into these benzoquinones. Meinwald, Koch, 
Rogers and Eisner (1966) proposed two pathways — one leading from 
the aromatics to p-benzoquinone, and the other leading from the 
simpler precursors to methyl-p-benzoquinone and ethyl-p-benzoquinone. 
Other beetle pheromones are synthesized from simple precursors. 


Mitlin and Hedin (1974) have shown that the monoterpene pheromones 
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produced Anthonomus grandis (Boheman) (Curculionidae) are derived 
from acetate, mevalonate and glucose. Feeding on the host terpene, 
myrcene, is a prerequisite for synthesis of ipsdienol and ipsenol in 
Ips calligraphus (Germar) and Ips grandicollits (Eichhoff) (Scolytidae) 
(Hughes, 1974). 

The fat body has been shown to be an important centre for the 
formation of glycosides in insects (Dutton, 1962; Smith and Turbet, 


1961). 
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2. MATERIALS AND METHODS 
2.1 Experimental Animals 


Collections were made of adult noctuids (Mamestra conftgurata 
(Walker) and Rusina verberata (Smith)) attracted to lights at the 
University of Alberta. Field-collected pupae of M. configurata were 
obtained from Sturgeon County and Peace River, Alberta. Laboratory- 
reared, diapause-free pupae of M. conftgurata were provided by the 
Canada Department of Agriculture Research Station, Saskatoon, 
BAekatchenan A field collection of Pseudaletta separata (Walker) 
pupae from Napier, New Zealand was made and sent to me by Mr. F. 
Agnew, 

Four species of noctuid were selected from a collection of 26 
species obtained from Palmerston North, New Zealand in 1970 during 
research conducted for a Master's degree at Massey University. Dried 
specimens and methylene blue preparations of Pseudaletia separata, 
Melanehra aleyone (Hudson), Erana graminosa (Walker) and Rhapsa 


scotostalts (Walker) were re-examined and reinterpreted. 


2.2 Microscopy 


2.2.1 Light: microscopy 


Abdominal sternites of P. separata, M. aleyone and EF. gramtinosa 
were dissected out, stained in methylene blue, and mounted in DPX. 
Stobbe's glands were dissected from pharate and teneral adults of P. 
separata and M. conftgurata, washed in Pringle's saline (Cummins, 
Miller, Smith and Fox, 1965), and examined with a Zeiss Nomarski 


differential interference Photomicroscope II. Additional glands of 
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M. configurata were incubated for 15 minutes. in 0.1% emulsin (Nutri- 
tional Biochemicals Corp.) in 0.08 M acetate buffer at pH = 5 before 


examination. 


2.2.2 Electron microscopy 


Scales from the hair pencils of field-collected S. verberata, 

R, seotostalis, M. aleyone and E. graminosa, and from 12 hour-old adults 
ORGE, Bere nara and M. configurata were air dried and a layer of carbon 
and gold was evaporated onto their surfaces. Developing scales from 
pharate adults of M. configurata were fixed in 3% glutaraldehyde 
(Millonig's 1961 buffer), dehydrated in ethanol and transferred to pure 
amyl acetate through a series of graded steps in preparation for 
critical point drying and metal evaporation. All scales were examined 
with an S-4 Stereoscan scanning electron microscope (Cambridge Instru- 
ment Co.). 

For transmission electron microscopy, scales and hair pencil 
caps from one-day-old males of M. conftgurata and P. separata were 
fixed in 3% glutaraldehyde (Millonig's 1961 buffer), post-fixed in 
similarly buffered 1% OsO,, dehydrated in ethanol and embedded in 
Araldite. Gold sections cut on a Sorvall MT-2 ultramicrotome were 
found to be preferable to silver, as aves of the scale tended to break 
out of the thinner sections. Sections were double stained in aqueous 
uranyl acetate and Reynolds! (1963) lead citrate before being examined 


with a Philips EM 200 electron microscope at 60 Kv. 
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2.3 Physiology 


2.3.1 Chemistry of the pheromone from Mamestra econftgurata 


The very small concentrations of pheromones present in insects 
demands the use of micro-analytical methods. Depending on the molecular 
size and volatility of the substance under investigation, either thin 
layer chromatography or gas-liquid Fog oaeecemboy may be used to 
separate the pheromone from the other components of the crude extracts, 
followed by mass spectrometry of the pure pheromone. 

Extraction of the hair pencils of M. configurata with methylene 
chloride was carried out between 2:00 and 4:00 a.m.; about 30—40 hours 
after eclosion. The time chosen for extraction was less than one hour 
before the beginning of mating activity, when more than 90% of the 
males had retracted their hair pencils into their abdominal pouches. 
Less than 5% of the male moths had completed retraction when examined 
10 hours after eclosion. One hundred and twelve males were used to 
prepare three solutions containing 60—70 hair pencils/ml. 

All gas chromatographic analyses of these crude extracts were 
carried out on glass columns since stainless steel appeared to cause 
degradation of the major component of the extracts. Two six feet long 
glass columns were used; 3% OV-17 on Chromosorb G and 3% XE60 on 
Chromosorb W. The instability of this component also precluded the 
use of coupled gas-liquid chromatography (G.L.C.)—mass spectrometry 
so that a direct probe of the whole extract was carried out. Great 
care was taken to prevent contamination. All syringes were thoroughly 


rinsed with solvent, and checked with the gas chromatograph at the 


highest sensitivity used. 
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2.3.2 Chemistry of the glycosides from the Stobbe's gland 


Small numbers of whole clean glands from advanced pharate adults 
of M, configurata and P. separata were used for the isolation procedure. 
A ventral cut was made in the second sternite (SII) and the cut edges 
reflected laterally so that the duct scales could be grasped with micro- 
forceps where the duct emerges from the gland (fig. 70). Slight tension 
freed the gland from the enveloping fat body. 

Extraction was carried out in micro-separating flasks made from 
Pasteur pipettes. For each species 2—10 glands were placed in 10 ul 
of distilled water in a flask and crushed with the beaded tip of a 
glass thread. Ten microlitres of chloroform were added and the extract 
stirred to complete partition of the components between the two layers. 
Strips of silica gel sheet with fluorescent indicator (Eastman Kodak 
No. 6060) were spotted with 1 wl of either crude extract, aqueous 
phase, non-polar phase or standard solutions, and run at room tempera- 
tures in n-butanol: acetic.acid: water 4(4:1:1).. The strips were 
examined under UV illumination. Crude extracts and the aqueous 
layers were analyzed on an AEI M.S. 12 mass spectrometer obtaining 


chemical ionization with NH3 reagent gas. 


2.3.3 Site of synthesis of the glycoside 


The fat body of M. configurata was examined as a possible site 


for the synthesis. The entire fat body was removed from the abdomina 


of eight male and two female pupae at various developmental stages. 
Each fat body was homogenized separately in acetate buffer (0.08 M, 
pH = 5.0) and any glycosides present were hydrolyzed with 0.5% emulsin 


(Nutritional Biochemicals Corp.). Non-polar substances including the 
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aglycones of these glycosides were collected in a methylene chloride 
layer, which was analyzed on an OV-17 column at 90°C (Beckman GuGgese). 
The ability of the Stobbe's gland of M. conftgurata to take up 
glycosides from the hemolymph was examined. Benzyl-8-glucoside, a 
close analogue of the natural precursor in M. configurata, was 
injected into the right pupal wing case. The dosage range was from 
100 ug to 1 mg per animal. Male pupae of noctuids were estimated to 
produce 50—100 ug of glycoside per animal, based on reports of a 
maximum of 10-—-20 ug of aromatic pheromone per hair pencil in P. 
separata and P. untpuneta (Clearwater, 1972; Grant, Brady and Brand, 
1972). Each of six doses was replicated two or three times. The 
Stobbe's glands, fat body and dorsal thoracic musculature were removed 


from mature pupae and the aglycones examined with the same methods, 


2.5.4 Incorporation of labelled precursors into phenylethy1-B- 
glycoside 


L-phenylalanine-U-C!* (464 mCi/mM) from New England.Nuclear, 
Boston Mass. and cinnamic acid — 2-C** (4.0 mCi/mM) from ICN Isotope 
and Nuclear Division, Irving, Calif. had a radiochemical purity of 
99.2% and 97% respectively (determined by thin layer chromatography 
and autoradiography). 

Healthy pupae of M. configurata were selected and the degree 
of development noted (pigment deposition in the compound eye, sclerotiz- 
ation of the I tibial spine and antennae, and pigment deposition in 
the wing and dorsal abdomen were used as indices of development) 


(fig. 37). 


A 5 ul syringe (Hamilton Co., Reno, Nev.) was used to inject 
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the label (2 or 3 wl of O.1yCi L-phenylalanine-U-C!*/y1 TOs Me HG) 
Waore2 Mi sof 0.25 Ci cinnanic acid-2-C" ) fad methanol) into the right 
pupal wing case, while the insect was under COQ» narcosis. The puncture 
was sealed with hot paraffin. No tyrosinase inhibitors were used. 
Mortality from the operation was less than 10% for insects injected 
with phenylalanine, but up to 40% for those injected with cinnamic acid. 
Nine of the animals were allowed to emerge, and their hair pen- 
cils placed in 15 ml of Bray's solution. Stobbe's glands were dissected 
from 13 pharate adults, just before adult emergence. Each pair of 
glands was washed, and crushed separately in 10 ul of distilled water. 
The supernatant remaining after the cell debris had settled was spotted 
onto strips of silica gel (Eastman Kodak No. 6061). Twenty glands were 
chromatographed using n-butanol: acetic acid: water (4:1:1) (BAW) or 
chloroform: neEharea (2:1) (Chl: MeOH) (after Happ, 1968) to distinguish 
between phenylalanine and phenylethyl-B-glycoside. The extracts from 
six other glands were chromatographed using benzene: acetic acid: 
methanol (4:1:2) (Be: A: MeOH} to distinguish between the glycoside 
and cinnamic acid. Two microlitres of labelled phenylalanine and 1 ul 
of labelled cinnamic acid were run with the relevant developing systems 
as standards for comparison with the Stobbe's gland extract. Each 
chromatogram was cut into strips and scraped into vials, with Cab-0-Sil 
and 15 ml Bray's solution. All vials were counted with a Picker 200 
liquid scintillation counter. There was no measurable quenching 
according to the isotope channels ratio. Cold standards of each 
compound were run on silica gel with a fluorescent indicator (Eastman 


Kodak No. 6060). A Ninhydrin aerosol (Nutritional Biochemicals Corp.) 


was used to locate phenylalanine. 


t : : o) 
a = ve ‘ Py) \ 
wae 2 f a Wa ’ Ply % y i 
oss ohh em ah aN A 
: é i ; TY ‘ iN at a "i y 
q Ay, goat is ee 2 [ ; Ay 
ve ela rm he 5 ' ‘ ) aoe 
4 ine s ayia ea ¢ By h iy hid 
ziad Med a } 
ar etm Oars ! . 
‘ aye OY) ARE Eee CL iy 
. ee he Ladd ae 0 
i erie. po 
t7.9 es hype! is BY Tie 
: : ol > 
ah) alt nok ae 
f nt aa | a 
ys 1 i, ; 
ch : ‘a ach ay! 
J y at 
~- : Fd 
‘ nd ay ret bs pil 3 ! 
ih Al af , 
Pate a ax aie 
. =p oe te) ») ‘ay = /, f P hoa 
j i ie 
: Cae 4 yes? a Tee 
7 
: vir ie x a a 
‘ is as ah alle 
; ; y: y ir 
a ee! CaM ig eras ¢ suresh Ay 
Phe Wh i er Reiki Thy” Bak 
ra | me oT j S ’ 
; em rab heey a saints 
OL are Ha aa 
7 a) a rae 
any Lae stasis ont ahi 
fe i aM a 
1 oAeS Mf Phe Wit ase be fi: iba Havas 
ft : a ( , af ¥ 
; oP ee Wes ee ; 
mich ee NaS tha ee eo rey ipa 
50s \ ae . eon tne 
a Hat oc : bia ‘hgh 
* =e 4 ia : ra , 


7 : ; i i] a ui ae eh a 


10 


The remainder of the insect, after removal of the Stobbe's gland, 
was divided into (1) fore-wings, (2) head, thorax, abdomen and limbs 
and (3) meconium, and combusted in a Packard Tricarb Model 306 sample 


oxidizer before scintillation counting. 


2.3.5 In vitro hydrolysis of the glycosides 


Glands dissected from M. configurata and P. separata.were 
incubated in a solution of B-glucosidase. One small crystal of emulsin 
(Nutritional Biochemicals Corp.) was dissolved in 20 ul of 0.08 M 
acetate buffer (pH = 5.0) in which 6—15 glands had been crushed, and 

‘left for 24 hours at room temperature. Controls, lacking only the 
enzyme, were treated in an identical manner. The reaction was stopped 
by the addition of 20 or 30 ul's of methylene chloride and the compounds 
partitioning into the non-polar phase were chromatographed on 3% OV-17 
and 5% F.F.A.P. columns. Coupled G.C. mass spectrometry (AEI M.S. 12 
with a Varian Aerograph 1400 G.C.) was used to identify a major 
component of the extract from P. separata, while a direct probe was 


used for that of M. configurata. 


2.3.6 Assay of an hydrolytic enzyme from the hair pencil cap cells 


The method of Gillespie, Jermyn and Woods (1952) was used to 


bioassay various tissues for the presence of a B-glycosidase. Adult 


moths of known age were dissected and the fat body, antennae, and the 


hair pencil cap homogenized in 20 yl acetate buffer. The presence or 


absence of the distinct odour of the hair pencil and the position of 
the hair pencil was noted (either folded in the. intersegmental membrane 


where it develops [fig. 70-A] or in the hair pencil pouch [fig. 70-B]). 
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The homogenates were incubated in 5 ml of 0.05% p-nitrophenyl-B-D- 
glucopyranoside (J. T. Baker Chemical Co., Philipsburg, New Jersey) in 
0.2 M phosphate buffer pH = 7.5 at room temperature. 


The absorbance at 


A} = 400 nm was measured with a Bausch and Lomb Spectronic 20. 
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oa) RESUETS 
3.1 General Description and Scale Ultrastructure 


3.1.1 A single-component alar system — Rhapsa scotosialis 


The simplest pheromone system examined in this study was that of 
Rhapsa scotosialts. A group of long (S—-6 mm), flat scales (Es) are 
inserted on the underside of the fore-wing base (fig. 1). At rest 
these scales are tucked under a long flap which is sharply reflected 
back from the apparent leading edge (L). Each strap-like scale expands 
into a spatulate tip, covered with fine, parallel longitudinal ribs 
(Ry) (fig. 2). An irregular line of depressions (D) is situated equi- 
distant from the ribs and is joined to them by a herringbone pattern 
of fine ridges (Rj) (fig. 3). Many other smaller depressions are 
scattered between the ridges. When viewed from an oblique angle, the 
longitudinal rihs are seen to be heavily covered with ridges (fig. 4). 
The strap-like, main portion of the scale contains the same elements, 
organized with a lesser degree of symmetry (fig. 5). 

This description is based on 5 specimens, one of which was 


examined with the scanning electron microscope. 


3.1.2. A multi-component, alar and abdominal system — Erana gramtnosa. 


The underside of the strap-like fore-wing of Frana graminosa 
bears a complex wing gland, covered at rest by the greatly expanded 
humeral lobe of the hind wing (fig. 6). This wing gland differs from 
that of R. scotostalis in the presence of a tract of short, golden brown 
scales (Ss) present in addition to the group of overlying elongated 


scales (Es). Extracts of this wing system contain small amounts of 
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Plate 1” 


Explanation of figures 


1. Rhapsa scotostalts. Alar gland. 

Underside of wing and thorax, showing the protective flap (Fl) 
extending from the apparent leading edge of the wing (L) to the thorax. 
A tract of elongated scales (Es) emerge from the wing base. Scanning 
electron micrograph (SEM). 

2.8. ecotostalte.. Tip-ot haimescaer 

Spatulate tip of the elongated scales, showing parallel longi- 
tudinal ribs (R,). (SEM). 

3. it. SCOLOSTALTE. Surface detail of tip. 

Herring-bone pattern of ridges (Rj) joining ribs (R,).\ Several 
depressions (D) present, the largest of which form a central line. (SEM). 

4, R. scotostalts. Oblique view, surface detail of tip. 

View showing the miees (Ro) running up Nhe) sidevor therrips 
(R,). (SEM). 

S. Rk. seotostalts. Surface detail of central portion of scale. 


Pattern of the strap-like portion of the scale. (SEM). 


*All material an-plate 1 is air dried, 
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Plate. 


Explanation of figures 


6. Erana gramtnosa. Alar gland. 

Underside of the fore-wing, showing a rectangular tract of 
short scales (Ss). <A narrow tract of elongated scales (Es) form a line 
along the leading edge of the wing adjacent toythe rectangular tract. 
Normal wing scales are absent in the vicinity of the specialized scales. 
(SEM). 

7. E. gramtnosa. Abdominal gland. 

Tract of short scales: (Ss) in flexible cuticle on the) lateral 
edge of sternite IV. A large tracheole (1c) nine across the caudal 
edge of the tract. (Brightfield light micrograph). 

8. E. graminosa. Surface detail of scales from abdominal gland. 

Detail of surface pattern, showing parallel longitudinal ribs 
(Rj), linked\by short ridges (R>). (SEM). 

9, E. gramtnosa. Short scales from alar giand. 

Surface pattern of scales from wing tract (Ss). (SEM). 

10. E. graminosa. Details of surface of short scales in fig. 9. 

Dotted line is parallel to the poorly defined longitudinal 
ribs.» “(SEM).. | 

11. E. graminosa. Long scales from alar gland. 
Scale from wing tract (Es), showing spine-like oneatudane 


ribs (R,) and central line of variable sized depressions (D). (SEM). 


*All material in plate 2 is air dried. 
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15 
3-methoxy-4-hydroxy benzaldehyde, a probable pheromone (Clearwater, 
1971). <A third structure that may be implicated in pheromone production 
is a small tract of smoke grey scales (Ss) enclosed in a shallow, 
ventral abdominal trough (fig. 7). The surface of these scales is of 
moderate complexity. A series of irregular, parallel, longitudinal 
ribs (R,) are tightly packed together and are joined by short cross 
ridges (fig. 8). The short scales of the wing gland have a comparable 
aspect ratio (length: breadth) to the abdominal scales, but have a much 
Simpler surface (figs. 9 and 10). The longitudinal ribs (R,) are much 
less"distinct, consisting of lines of irregular protrusions::. No cross 
ridges: can’ be seen: 

The long scales that comprise the second part of the wing gland 
are covered with an intricate surface sculpture (fig. 11) comparable to 
that of R. scotostalis Giest 4 and oa The longitudinal ribs (Rj) 
appear to be formed from a series of distally-directed, overlapping 
'spines (but cf. with M. aleyone figs. 13—17). The cross ridges (Ro) 
form a grating pattern rather different from that of R. scotostalts 
but both species possess the central row of depressions. 

Only two specimens were available for this study. Three addi- 
tional specimens were used for the extraction of the pheromone 


(Clearwater, 1971). 


3.1.3 A single-component abdominal system — Melanechra alcyone 


A modified second abdominal sternite (SII) forms the base of 
the pheromone system of Melanchra aleyone (fig. 12). A tract of long 
(5 mm) scales (Es) inserts into a sheet of flexible cuticle situated 


on each side of the anterior apodeme (A) of this sternite. The only 
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16 
support associated with the scales is a small bar (B) arising from each 
of these apodemes. The hair-like scales are uniformly light brown, and 
superficial examination reveals no obvious differentiation along their 
length. The scanning microscope reveals a steady progression in the 
surface from Superficial parallel ribs (R,*fig. 13) at the scale base, 
Lora aeeply dissected tip (figs. 14-16)... In more distal portions of 
the scale, the ribs are transected by oblique channels (fig. 14). These 
channels deepen, eventually giving the rib the appearance of a series 
of overlapping spines (cf. Z. gramtnosa). Fine microribs (R3) can be 
seen in the oblique channels of distal areas (fig. 15). The depres- 
sions found in the inter-rib space are infrequent near the scale base, 
but increase in number until they form a very irregular central line. 
Multiple depressions are common in the mid-portion of the scale. No 
depressions are found near the tip. 


This description is based on a single specimen. 


3.1.4. A multi-component abdominal system — Stobbe's gland and 
hair pencil complex — Pseudaletia separata, Mamestra conftgurata 


and Rusina verberata. 


The most common system encountered in the noctuid species 
examined is the hair pencil—Stobbe's gland association (fig. 70). 
The mechanism of hair pencil eversion, the protective pouch into 
which the scales are inserted at rest, the short pouch scales, and 
the adult Stobbe's gland have been described by Birch (1970b). These 
structures are essentially the same in Pseudaletia separata, Mamestra 
configurata and Rustna verberata. 

Large numbers (> 20) of specimens of each of these species were 


examined, with the exception of Rustna verberata (n = 3). 
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Plate 3 


Explanation of figures 


12. Melanehra aleyone. Abdominal gland. 

Sternite II. The area of insertion of the large number of 
elongated scales (Es) is delimited by the dotted line. Anterior apodemes 
(A) bear small bars (B), the only obvious hard parts supporting these 
scales. A central convexity (C) covers the second abdominal ganglion. 


(Direct print from slide preparation). 


Figs. 13—17 air dried material 


13. M. aleyone. Base of hair scale. 
Long parallel ribs (R,) are very rarely linked together @f). 
(SEM). 
14, M. aleyone. Formation of oblique channels on hair scale. 
Basal third of scale. Shallow, oblique.channels (QO) mark the 
longitudinal ribs (R,). Depressions and transverse ridges are beginning 
to. appear. (SEM). 
15. M. aleyone. Formation of microrib in oblique channels. 
Microribs (Rz) appear in the oblique channels, in the mid- 
portion of the scale. Depressions (D) are much deeper. (SEM). 
16.4 M. alcyone. Hair scale tip. 
Deeply dissected ribs of the hair scale tip. (SEM). 
17. M, aleyone, Hair scale (low magnification). 


Low power micrograph showing nine ribs in surface view. (SEM). 
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The second abdominal sternite of P. separata (fig. 18) shares 
several features with that of M. aleyone, in particular the well 
developed, anterior apodemes (A) and a central convexity (C) overlying 
the second abdominal ganglion. The lateral margin of this sternite is 
much more sharply defined in P. separata, but lacks the support (B) 
(fig. 2). A long sclerotized lever (Lv) links the point of inser- 
tion of the hair pencil scales to the postero-lateral angle of the 
sternite. A distinct concave flange (F) makes close contact with the 
shatt of the hair pencil when at rest. 

The Stobbe's gland lies in the fat body under the anterior 
apodeme and has a duct (Dt) leading to the hair pencil (figs. 19 and 
70). The scales emerging from the center of this gland are unremark- 
able in-surface detail or-in section (figs. 20 and Abe Smooth flanges 


(F) are the only structures breaking up an otherwise regular cylinder. 


cy aie al The hair pencil cap cells. 

The cell atsthe base of seach hair seale is large and 
appears to be secretory (fig. 23). A three- to four-chambered end 
apparatus separates the hollow scale lumen from a microvilli-lined 
cell lumen. The tips of the microvilli cluster around a ductule 
extending proximally from the end apparatus. The nucleus is large and 


heterochromatic. 


5.1.4.2.) Surface structure of the scales. 
The hair pencil scales are very complex. Unlike those 
of M. aleyone, these scales are sharply differentiated into three 


areas: a proximal shaft (Sh), a transition area (T) and an intricate 
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Plate 4 


Explanation of figures 


18. Pseudaletia separata. Hair pencil and sternite II. 

Long apodemes (A) link this sternite to the thorax. Large 
levers (Lv) link the posterior angle of the sternite to the hair pencil. 
An expanded central portion, the flange (F), supports the hair pencil 
shaft at rest. A central convexity (C) covers the second abdominal 
ganglion. The transition area (T) absorbs methylene blue, thus 
appearing much darker than the surrounding scale areas (Brightfield 
light micrograph). 

19s) =P. separata. efoubets gland. 
A group of transparent, bag-like cells with a duct (Dt) 
leading out from the middle. Living cells in Pringle's saline. 
20... B., separata. Transverse section Of ducu scale. 
Note flanges (F). Transmission electron micrograph (TEM). 
21. Rustna verberata. Surface view of duct scales. 
Note flanges (F). (SEM). 
220, Ps separata. Hair penerearegions:. 
Shaft (Sh) transition area (T) and complex evaporative area 


(E). (Light micrograph of whole fresh specimen). 
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Fig. 23. Pseudaletta separata. Hair pencil cap cells. 
Section through basal plate of hair pencil of P. separata 


showing the cap cells. 
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distal sculpture area (E) (fig. 22). The transition area is frequently 
darker than the shaft and sculptured regions, and takes up methylene 
blue more readily. The remainder of the scale is usually golden brown. 
The surface microsculpture of the shaft of Rustna 

verberata consists of parallel ribs (Rj) separated by a smooth surface 
regularly interrupted by large shallow depressions (D) (fig. 24). The 
longitudinal ribs (R,) are barely discernible on the shaft of M. 
conftgurata, the most prominent features being the shallow depressions 
(D) (fig. 28). In the complex sculptured area, the surface comprises 
the same substructures arranged in a different manner. The longitudinal 
‘ribs are thrown into sinusoidal waves, bonded together at intervals (Bd) 
so that they enclose a diamond-or hexagonal-shaped surface marked with 
deep depressions (D) (figs. 26; 27,730°and 31)... These depressions may 
be serially homologous with those on the shaft. In both species, the 
bonded areas are marked with small ridges (Ry). A much greater number 
of deep depressions are observed within the enclosed space of R. 
verberata compared with that of M. configurata (figs. 26, 27, 30 and 31). 
The two distinct regions are linked by a transition zone that combines 
the features of both (figs. 25 and 29). The thickness of the longi- 
tudinal rib remains constant throughout the length of the scale (figs. 
24—-31). The scales are markedly constricted at the transition zone 
(table 1). Despite this, the number of ribs remains constant through- 
out the length of the hair. The ultrastructure of hair scales of P. 


separata is very similar to that of M. conftgurata. 


5.1.4.3 Internal structure of the scales. 
Transverse sections of the intricate sculpture area 


reveal an internal structure strikingly different from that of any 
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Plate 5* 


Explanation of figures 


Rustna verberata. Shaft of hair scale. 

Note distinct ribs (R,) and depressions (DI SUeSEMOR 
R. verberata. Transition zonevot hair, scake.” (SEM). 
R. verberata. Evaporative surface of hair scale. 

Low power micrograph of evaporative surface (SEM). 

R, verberata. Detail of evaporative surface. 


Longitudinal ribs (R,) are thrown into sinusoidal waves and 


bonded together at intervals (Bd). Numerous depressions (D) fill the 


intervening space. Fine ridges (Ry) cover the bonded area. (SEM). 


*All: material an plate: Saisiair dried, 
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Plate 6” 


Explanation of figures 


28. Mamestra configurata. Shaft of hair scale. 
Note numerous shallow depressions (D). (SEM). 
29. M. configurata. Transition zone of hair scale, 
Note longitudinal ribs (R,) thrown into Fees Santas waves.- Fine 
ridges (Ry) link more closely opposed ribs. (SEM). 
30, MM. configurata. Evaporative) surtace ol hairs scale. (SEM). 
31. M. configurata. Detail of evaporative surface. 
Longitudinal ribs (R,) are thrown into sinusoidal waves and 
bonded together (Bd) at intervals. One to two depressions (D) mark the 


intervening space. Several ridges (Ry) cover the bonded area. (SEM). 


*All material in plate 6 is air dried. The scales were taken from 12-hr 


males from field collected pupae. 
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TABLE I 


Diameter of the hair scales 


Mames tra Rusina 

econftgurata verberata 

(width in yp) (width in un) 
Shaft (Aen lene 2c Orme des TO. Ont 22S 
Transition Area (b) 5.3 5.4 (e) Sed! sll 


Sculptured Area 


These figures are absolute 


(a) n 
(6b) =n 
(c) on 
(d) n 
(e) n 
(Garay 


*Data from Birch, 1970b. 
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limits of the observed sizes. 
= 5 scales, one moth 


= 3 scales, one moth 


= 5 scales, two moths 


= 3 scales, one moth 


=e), moth 
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Phlogophora 
mettculosa* 
(width in wu) 


13 - 14 
12 
16 - 20 


previously described lepidopterous scale. From a central core of 
fibres, (Fe) asserves.of pillars (P)i radiate to the circumference where 
they make contact with the surface ribs (Ry) (fig. 32). Because the 
outer edges of the ribs are curled over, the scanning micrographs 
Suggest wider ribs than appear in section. A very thin membrane (M) 
(120 A) linking adjacent ribs (fig. 34) is comparable in thickness, 
position, and electron density to the cuticular layer of larval cuticle 
(720-175 Ain Calpodes ethltus (Stoll) - Locke, 1966). There are no 
obvious holes in this membrane. Where ribs approach each other they 
are linked together with an area of thick cuticle (Bd) (fig. 33). 

The transition area shares features of conventional 
scales and the complex sculptured area (fig. 35). The loose network 
of fibres underlying the surface is separated from the scale lumen by 
a distinct boundary (Fb). Large fibre masses (Fm) occupy the position 
of the pillar: fibre in the vicinity of this boundary. Although many 
ribs are linked together by thick cuticle, the fine membrane (M) con- 
stitutes most of the circumference. These ribs are shorter than those 
of the intricate sculptured area. Ribs seem to be made up of at least 
three different layers (fig. 36). A central granular core (Lj) is 
surrounded by a thick, electron dense layer (Lz), with a fine outer 
layer (Lz) completing the structure. 


The shaft of the scale is a simple cylinder in section. 


3.2. Development of the Male Pheromone System of 


M. conftgurata 


3.2.1. Timing of developmental events 


Adults of M. configurata emerge in early summer, 3—4 weeks 


races dete Bae A ty Dobe he ph. mciee, 
Cr as q te ve 


“ehetellibe:: bl RAAT Pe ea mat: 


" ee i 


- x6 are f a he pe ial 


2 CHEK ie i va Hoon Auge 
ae Rid ny ‘woke sh: Sada ee feito ee | 


sth cae lieth, vt ee sos 
Sines nahin mile Eo 
te Ue ee e wal oY anes ey ame? ‘ 
‘ac po phos: tal a here iii, mk Ck: ah | 
; fis i my ia, Ms - 5 OE ) j 
ag os Bellet Soe et, eatin ee Perri pe 
eee ; : , a : ; 
| 
i. Lat ay Bae mete liv i ny t# £4 7“ ‘tana ‘ih ey oe Ma ae Sah “hy, 


‘ ee te ; f i RL 


4 ge | | om a ay 5 = 9 , oe yt i a) at mane bay Ws a ii hide ae , 


oe Writ, * 


ety i ae 
| kad iH, htLbR: he Tie 


ue Pin 
ivy a aa 


oe 
j 
f 
i 
mi 
‘ a 
t 
a 
ul 
in 
me ta td 
ane 
* r’ 4 rd 
A Fi, at e. Ri > 
; ee . oa ( ‘ mh (Wins J a ae A Fel) ¥ ‘ ‘4 
a ab, Ps - “a, 5! : i, os f * ,. Rien roe 7 ‘aan a” 
nl is pe ‘ ce Oly hte FP gna) kf AS Ns i 4, aD ; i ai 
ree Tt > aes 4 is #1 Livy et ms aot i Wiehe ‘eae , 4 
Md? obiidia t-te Meer Ts, oie." mee toy laa es | Laren 
wt = PoP Ns ALAN Eee Ae ‘ ie yy 7 ; 
ae eh in 
ho See ‘ f oer. Fie.” as: y b sy ty Ms p 
te ry ( 2 1 (eel en ie Pa , 
liG.4 er Sa Ae ls : Te | “ pee ae * %, 
Yr" Adi» rh) ' 4 sf Bs. 
| ae ae, PO ag my 
' PS ae. he fi Ae Mee 5 bis 
Ri ee ie 
7 ¥ 7 ‘ ’ ‘ae , 
A A Pe il f SY os Fe an \ F 
i “a ¥ I i< 7 


BE ILE bm Pa Heubaysa we! x 


1 > Wi y 11> ; a ’ 4h i Af ' 
By 249, 


i 
ok sect }, 


Fig. 32. Diagrammatic reconstruction of the evaporative area of the 
hair scale of Mamestra conftgurata. 

A central cylindrical core of fibres (Fc) is surrounded by 
radially oriented pillar fibres (P)... Of the surface features) oniy 
the longitudinal ribs (R,) and the bonded areas (Bd) are heavily 


f, 
cuticularizeaG. The scale is structurally comparable to a rolled 


up piece of wire mesh. Membrane (M). 
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Plate 7” 


Explanation of figures 


33. Mamestra configurata. Transverse section of evaporative area. 

A central core of fibres (Fc), surrounded by a radial array of 
pillar fibres (P) each of which is continuous with the longitudinal ribs 
(Ry). A block of thack cuticle underlies the bonded BEEPS hy, (TEM). 

34. M. conftgurata. Detail of evaporative area. 
Note pillar fibre (P) and very fine surface membrane (M). (TEM). 
35. M. configurata. Transverse section of transition area. 

Note large fibre masses (Fm) in positions occupied by pillar 
fibres and core fibres in the evaporative area. A distinct fibre boundary 
(Fb) borders the scale lumen. (TEM). 

36. M. configurata. Detail of transition area. 
Note fibre boundary (Fb) and the three layers of the rib. 


L,; - central granular core, Lj - thick dense layer, Lz - fine outer layer. 


(TEM). 


*All materval sin plate 7 sisy1rom-a 24h. adult, 
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after undergoing. an obligatory nine-month winter diapause. Consequently, 
it was difficult to relate the development of the pheromone system to a 
time schedule. Other, more striking developmental events — development 
of eye pigment, sclerotization of the integument and wing characteristics 
— were used as a reference (fig.:37). The terminology of Hinton (1961) 
was adopted. This species diapauses as an exuvial pharate adult. The 
only portion of the pheromone system that can be recognized at this stage 


is the prominent sternite II. 


3.2.2 Early development 


In an exuvial pharate adult, having little or no eye pigment, 
a sheet of abdominal epidermis invaginates, on each side of sternite II, 
to form a deep pouch slightly under the developing anterior apodemes. 
Two small groups of cells in this ‘sheet differentiate into Stobbe's 
gland and hair pencil (fig. 38). At this stage, the two groups of 
Oy pertnoniiea (celts: each producing elongated scales, appear strikingly 


Similar. 


3.2.3. Development of hair scales 


The Stobbe's gland and hair pencil primordia arise from columnar 
epithelial cells (Ep) about 30 uw high with oval nucleus (Nz) 8—10 uy long 
(figs. 48 and 49). The trichogen celis producing the elongated, hair 
pencil scales are much larger, each having a round grandular nucleus (Nj) 
20—30 wp in diameter and a cell diameter of up to 50 py in the exuvial 
pharate adult (fig. 41). Older trichogen cells (fig. 42) are up to 
100 up in diameter. A moderate number of small vesicles (Vs) occur 


mostly in the intercellular space. Despite their great increase in 
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Fig. 37. Chronological references for the development of the pheromone 
system, 

Ontogeny of structures serving as references for the develop- 
ment of the pheromone system of Manestra configurata. The hemolymph of 
early pupae.is green (top line). Some pupae appear to lose this colour- 
ation before the appearance of eye pigment (second line), while others 
retain it until the eye is dark brown. Mature pupae have black eyes. 
The first structure to sclerotise is a large spine on the tibia of the 
prothoracic.(1) les (third Tine). The sclerotisation of the, antennae 
and hair pencil precedes sclerotisation of the sclerites iegs. The wing 
of the early pharate adult is translucent, later becoming silver (bottom 


line). Wing pigmentation begins with a single spot. 
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Plate 8 


Explanation of figure 


38. Mamestra configurata. Early development of hair pencil and 
Stobbe's gland. 

Two groups of cells on the surface of a large lateral invag- 
ination, producing elongated scales (Es). A small ring of body scales 
(Bs) form on the hair pencil base. Black masses are portions of fat 
body (Exuvial pharate adult. The eye is a bag of cells with no pigment 


at all. Glutaraldehyde fixed (Glut), Nomarski interference micrograph 


(Nom) ). 
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Plate 9 


Explanation of figures 


39. Mamestra conftgurata. Developing basal sclerite. 

Sockets (S) are interspersed among the crenellations of the 
basal sclerite (Bsc). Light vertical shadows are hair scales below 
the focal plane. Darkening lever (Lv) is separated from the basal 
sclerite (Bsc) by unmodified cuticle, the hinge (H). (Cuticular 
pharate adult, eye dark with light brown tibial spine and hair pencil — 
lever.. Silver hair pencil) seales (Nom).” Laving celis in Pringhe . 
saline (aa): 

Xa, M. conftgurata. Extending hair scales. 

Note pointed tip and fine surface wrinkles. Scales are easily 
deformed (lower scale) or burst’ (upper scale), releasing a mass of 
featureless cytoplasm (Exuvial pharate adult, Byeiectouciess bag, green 
hemolymph (Liv) (Nom) ). 

41. MM. conftgurata. Trichogen cells of hair pencil. 

Basal portion of a developing hair pencil of the same age as 
in fig. 40. Flattened trichogen cells (Tr) with large granular nucleus 
(N}) and sockets (S) are beginning to form (as in fig. 40). 

42. M. configurata. Older trichogen cells of hair pencil. 

Surface view of older and larger hair pencil trichogen cells 
(Tr). Small vesicles (Vs) are seen mainly in the extracellular spaces. 
(Exuvial pharate adult, very small amount of eye pigment in eye bag. 


Hemolymph still with slight green colour (Liv) (Nom) ). 
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size, these cells appear structurally similar to the epidermal eelis 
that gave rise to then. 

Two distinct types of scales are produced by these cells: a 
central core of very long ones that develop into the disseminating 
scales (Es) and a peripheral ring of normal sized scale rudiments (Bs) 
that give rise to the sparse covering of normal scales on the flexibie 
cuticle overlying the hair pencil muscle sheet (fig. 38). Elongation 
of the disseminating scales is very rapid. Most exuvial pharate 
adults dissected during this study either lacked noticeable hair 
pencil development, or had scale rudiments 4—5 mm long — almost 
‘their imaginal length. The scales are extremely delicate during 
elongation and appear to consist of a thin membrane covering a column 
of cytoplasm (fig. 40). When viewed under the dissecting microscope, 
they are translucent and difficult to see. 

The surface microsculpture of hair scales during this phase 
consists of wrinkled longitudinal ridges (figs. 40 and 43). A slow 
expansion in width now occurs, and the beginning of hexagonal sculp- 
turing can be seen on scales from pharate adults having light brown 
eyes (fig. 44). The enclosed spaces are approximately 0.7 U in 
diameter and no bonded areas can be discerned. As the scale begins 
to change in colour from translucent to silver, the surface pattern 
gains a greater definition (fig. 45). The sinusoidal form of the 
longitudinal ribs gains symmetry and the bonded areas (Bd) form . 

The surfaces of the enclosed areasand bonded areaSare smooth in 
contrast to those of the mature Seales This pattern will be called 
the primary microsculpture as it appears to be the pattern initially 


laid down by the cytoplasm of the trichogen cell. No further changes 
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Plates. s +0" 


Explanation of figures 


43. Mamestra configurata. Very young hair scale, with longitudinal 
Tabs. 

Note parallel longitudinal ribs (R,). The wrinkles are unlikely 
to be an artifact because critical point drying is able to preserve deli- 
cate surfaces, and the surface shown in this micrograph corresponds well 
with the surface of living cells (fig. 40). | (Exuvial pharate adult, no 
eye pigment). 

44. M. conftgurata. Older hair scale with sinusoidal wave pattern. 

Older hair Sey showing beginning of development of sinusoidal 
waves (R,). (Exuvial pharate adult, eye with light brown pigment, no 
parts sclerotized, hair pencil scales translucent). 

45, M. conftgurata. Completed primary pattern. 

With the formation of scale cuticle, the pattern gains a much © 
greater definition. (Cuticular pharate adult, medium brown eyes, wings 
Silver, tibial spine sclerotized abdomen light brown). 

46. M. configurata. Detail of primary pattern. 

Note the great symmetry of the ribs (R,) and bonded areas (Bd). 

All surfaces are very smooth. (As above). 
47. <M. -conftgqurata. Hair scale just) prior” to emergence. 
Deep depressions have appeared. (Cuticular Benes adult, 


ecdysial sutures beginning to break, fully pigmented wings). 


*All material in plate 10 is fixed in glutaraldehyde (glut) and critical 


point dried (crit. pti) (SEa: 
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in surface pattern occur throughout the remainder of the pharate adult 
Stage up till 1—2 days before eclosion. Depressions (D) form and the 
scale assumes the microsculpture of the mature scale (fig. 47). A 
slight contraction of the scale occurs at this time. This pattern will 
be called the secondary microsculpture as sections show that it develops 


in the absence of underlying cytoplasm. 


3.2.4 Development of supporting sclerites 


Formation of the characteristic hard, sclerotized parts of the 
system begins long after hair scale extension is complete. The lever 
(Lv) is merely a local thickening and sclerotization of a strip of the 
cuticle lining the abdominal invagination (fig. 39). It can first be 
seen aS. a light brown streak. Sclerotization of the lever develops 
first at its tips but~progresses rapidly toward the centre. The flange 
(F) is last to darkeni + Thisestructure isvone of thesfirst) body) parts 

to harden after the antennae and I tibial spine. 

The cuticle immediately surrounding the hair pencil sockets 
begins to take on a crenellated appearance at this time. This modifi- 
cation stiffens the area, forming the basal sclerite (Bsc) (fig. 39). 
The cuticle linking the sclerite to the lever remains unsclerotized and 
forms a hinge (H). The muscle sheet overlying this sclerite is the 
last component to appear. The muscle turns from translucent to deep 


red-brown during deposition of the wing pigment. 


3.2.5 Development of the Stobbe's gland 


In'the exuvial pharate adult, the Stobbe's gland has the appear- 


ance of a smaller version of the developing hair pencil -- a small cap 
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of cells about twice as thick as the surrounding epidermis (figs. 48— 
51). The developing gland is continuous with the columnar epithelium 
but its cells are easily distinguished from them; there appear to be 
no intermediate forms. Both trichogen (Tr) and tormogen (To) cells 
are present. The trichogen cells are up to-50 u long, and are 
pear-shaped, a narrow neck curving down toward the developing scale 
(figs. 50 and 51). Tormogen cells are smaller with a nuclear (N>) 
diameter of 14—16 u, intermediate between that of the epidermis 

(10 uw) and trichogen cells (20—25 wu). Each tormogen cell is situated 
below and slightly to one side of the associated trichogen cell. The 
whole primordium is cup-shaped, probably the result of expansion in 
volume of the contained cell bodies as they simultaneously retain a 
constant area of contact with their basement membrane. 

Trichogen nuclei can be separated from the gland primordium by 
gentle pressure on the covers dip (tits 02)... lsolated nuclei contain a 
dense granular material (probably chromatin) surrounded by a clear area. 
Trichogen nuclei from the hair pencil show no change in appearance when 
treated in the same manner. It is therefore unlikely that osmotic 
differences between gland. nucleus and the Pringle's saline cause the 
observed change. 

The initial development of a very large, extracellular cavity 
can be seen in glands dissected from pharate adults in which the eyes 
are fully pigmented, but in which sclerotization of the I tibial spine 
has not taken place. A long, finger-like protrusion arising near the 
developing socket extends up toward the nucleus. The rapidly increasing 
volume of the trichogen cell results from the expansion of this cavity. 


In pharate adults in which the antennae and tibial spine are sclerotized, 
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Plate. 11 


Explanation of figures 


48-51. Mamestra configurata. A series of optical sections through 
a developing Stobbe's gland. 

The series of optical sections move from the outside, to a 
little past the centre. “Scale is videnticainzer ai) micrographs. 
(Exuvial pharate adult, eye with a small amount of brown pigment. Green 
hemolymph. (Liv) (Nom) ). 

48. Focal plane through outer portion. Epidermal cells with 
small nuclei (Nz) underlying the trichogen cells with large nuclei (N)). 
49°)" Focal, plane hase CO, Centre: Epidermal cells (Ep) being 
replaced under the trichogen cells (nucleus Nj) by tormogen cells 

(nucleus No). 

50. Centre of gland. Hair scales and sockets clearly visible. 
Nuclei of tormogen cells (Ny) visible between the pear shaped stalks of 
the trichogen cells (Tr). Dotted lines indicate size and position of 
(left to right) epidermal cell, trichogen cell and tormogen cell. 

51. Focal plane past centre. . Tormogen cell--bodies (To) visible: 
Trichogen cells (Tr) with circular nucleus (N)) visible on left side 
of gland. 

52. M. conftgurata. Extruded trichogen nuclei. 


Note nuclear membrane (Nm) and central mass (chromatin? Ch). 
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Plate 12° 


Explanation of figures 


53. Mamestra configurata. Older Stobbe's cell with extracellular 

cavity. | 
Cell from developing Stobbe's gland, showing large extracellular 

cavity (Ex) forming. Dotted line delimits sub-fiuclear face of thisycavity. 
Small vesicles (Vs) are found only in cytoplasm near the nucleus. The 
nucleus (N,) is large and irregular. 

5S4—57 M. conftgurata. Series of optical sections through a Stobbe's 
cell nucleus. (Scale is identical in figs. ae ae a 

54S) ihe inners face of the wall of the extracellular cavity is shown. 
A portion of the nucleus (Ar) is surrounded by small vesicles (Vs). 

55. A large clear area (C1) fills the centre of the nucleus with 
four nuclear arms (Ar) extending into the cytoplasm. 

56. The nucleus is constricted, near a body surrounded by short 
radial arms (Rb). 


57. Nucleus (Nj) shows a conventional profile near the centre. 


*All material in plate 12 is from a cuticular pharate adult, eyes dark 


brown, antennae sclerotized (Liv) (Nom). 
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this cavity (Ex) occupies approximately half the cell volume (fig. 53). 
Ultrastructural detail supports the suggestion that this cavity is 
extracellular in origin. Electron micrographs of the walls show a 
distinct basement membrane on the side lining the cavity. Very small 
cells, rich in rough ER and microtubules are found inside the cavity 
attached to the wall (Clearwater, in preparation). The perinuclear 
cytoplasm contains numerous small vesicles 2--3 u in diameter, but these 
are absent from the lower walls of the cavity (figs. 53—57). 

The nuclei in cells of this age require some comment (figs. 
54—57). A series of optical sections reveal several unusual structures 
within the same nucleus. At the mid-section, this nucleus is 100 u 
in diameter, roughly oval in outline and regularly granular in contents 
(fig. 57). A little below this section, the nucleus is still regularly 
granular but shows a marked constriction with a central body surrounded 
by short radial arms (Rb) (fig. 56). At lower levels the nucleus is 
idominaced by a large circular clear area (C) surrounded by four arms 
(Ar) containing irregular granular material (fig. 55). The upper nuclear 
arm can still be seen in sections showing the inner wall of this extra- 
cellular cavity (Ex) (fig. 54). Other nuclei showed considerable vari- 


ation in number of arms and constrictions. 


3.2.6 Maturation of the Stobbe's gland 


The expansion of individual cell volumes observed in the maturing 
gland accentuates the "cupping" of the underlying basement membrane 
shown in figs. 48—-51 until the gland becomes a symmetrical ball of 
cells (fig. 19 of P. separata) with the basement membrane restricted to 


a finger-like sleeve around the core of sockets and elongated scales of 
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the duct. Continued expansion in cell volume draws the gland deeper 
into the fat body of the anterior abdominal segments. 

A distinct end apparatus (Ea) can be observed in slightly older 
cells (fig. 58). Every cell observed at this stage revealed 2—3 fine, 
convoluted threads with infrequent expansions, first appearing at the 
level of the socket, and extending a third of the way into the extra- 
celiuiar cavity. The sub-nuclear face of this cavity, initially 
convex (fig. 53), becomes strongly concave (fig. 58). The nucleus 
becomes thinner and slightly crescent shaped, eventually assuming the 
form of a discus in the mature gland. Until this stage of development 
is reached the gland does not begin biosynthesis of phenylethyl-8- 
@iycoside (cf. 3.453 andatic. 66). 

A steady expansion in size of the extracellular cavity continues 
throughout the remainder of the stadium, without additional morpho- 
logical complexity developing, until 1—2 days before eclosion. Large 
(20—40 pw diam.) vesicles (V1) are then extruded into the extracellular 
cavity, mostly from the cytoplasm in the vicinity of the nucleus (fig. 
59). Many small cytoplasmic vesicles (Vs) are found near a developing 
major vesicle. Incubation of these cells with emulsin (f-glucosidase 
of plant origin) results in a distinct mottling of the surface of the 
major vesicles (fig. 60). This may be interpreted as resulting from 
the degradation of the pheromone precursor contained in the vesicles 


into the lipophilic pheromone (2-phenyl ethanol, Clearwater, 1975a). 


3.3. Chemistry of the Male Pheromone of 


M. configurata 


G.L.C. analysis of the hair pencil extract showed three 


rag ef pl: 


ba 
wa 


i 


Line ay 


mnie us? ath, 
uy Au Fada fe . 
1% 
ot L linet: 
13 } 


i 
a r i a] fh 7 
5 Wieian, 
. sr 
i 7 i 
= = 
4) 
i 
a rt 
bi 
= + 
a ny 
“ner 


y trig pea 9 ing igo ne atte. he hid veel toakeoea: a 
oilagie wks Rie Re ieR Sha ie peakalbecba Big Aki. tehwh aud wie 4 


aa 3 2s spn ‘arty ae) ee ay th ae aeseloro otis ei 
: if Ps etrtte wi 2 ‘onl Aaah Jas “iid oak ty lad okao: f sma WG 


i esti “wed the ois: te ‘arts sash Leave) arr itond, eat ro) 


The Tues PSE 


tea ae bag wee 


=. 8 to a a 


We 2M ty ee 


“ag 


1 es Sara yh 


‘ela iw a “thie, Bad 


- bt on Se te 


tat ( litt ith ‘whallan nae il ‘ida ieee 


hae Wiig iy io ots asal os 


stabeay tka) 


mm 


; wget, 9! byath eS arta} iano ache Re zie 
ie: bea iG ‘hd ER) as ate a9 iota 
: 7 ) oe 
A ed bine SE pemaeky | et: bom belli gob ah in 


a y 
ra y x - 
mn : " = 
\ , 4 As 
} \ 
sa + ; 1 
cy 4 bi afty a /. 2 cy) E . ; 
t ; P : 
ap , toe; 
v i? ere ¢ ~ : 
= i 
? 4 


" 

th ey 
. Vie” Diet 

‘ : 


‘ a ui 
edd 


riy UL 


pha 


r I an a . . 
a ; a 
yet, GPs ate) 
: t bs Wee i 
My ucemameina Oi, 
ge tty ae 
all 7 ¥' ALi only 
Ms ; « in ory 
‘ j , nig | 
q - ; , ah in 13 on 
has PA ee aw 
nen ey, i) ; 
ee. i 
} he ii hi Ais ay 
on i ’ iy, he y . 
By ty, f ! 
p> : : 
; 
are ! iil H v Nr ’ f 
wae | 1 lh a ; id f 
is Lae Pa ii 
- sl oh ioe " y o 
ome came me 4% Naty BA 
en Eee 


ay 
iz re ny 
iy We 
i 4 


Plate 13 


Explanation of figures 


58. Mamestra configurata. Stobbe's gland cell with end apparatus. 

Stobbe's gland cell, with a 2—3 filament end apparatus (Ea) 
attached to the socket (S) of the duct scale. The nucleus (N]) is discus- 
shaped. (Cuticular pharate adult, eyes dark brown, tibial spine, anten- 
nae and lever sclerotized, silver hair pencil scales). 

59. M. configurata. Extrusion of Varge vesicles-inzo) the extra- 
cellular cavity. 

Hypertrophied Stobbe's gland cell. Large vesicles (V1) are 
emerging from the sub-nuclear face of the extracellular cavity (Ex). 
Numerous small vesicles (Vs) are clustered near the point of emergence. 
A fine-tracheole (Tc) 1s present. (Cuticular pharate adult... Fuliy prg= 
mented wing, ecdysial sutures beginning to break). 

60. M. conftgurata. Stobbe's gland cells treated with 8-glucosi- 
dase. Large vesicles showing surface pitting (arrows). (As above). 


(Liv) (Nom). 
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peaks, the first of which was very much larger than the two following 
ones (fig. 61A). The major component of this extract had retention 
times identical to 2-phenyl ethanol on two columns (table II). When 
Standard 2-phenyl ethanol was added to extracts of the hair pencil, 
complete superposition of the peaks occurred, confirming the fact that 
standard and unknown had the same retention time. Complete loss of 
the major peak on stainless steel columns could also be duplicated 
with standard 2-phenyl ethanol at dilutions comparable to that of the 
extract. 

The mass spectrum of the extract (fig. 62A) contained peaks 
of mass 91, 92 and 122. The heights of these peaks were in the same 
ratio as those of standard 2-phenyl ethanol (fig. 62C). Peaks of mass 
£0477105, 128, 1305) 152,8155 and 149 were cften! present, but peak 
heights held no constant relationship to the peaks of mass 91, 92 and 
122. Peaks of mass 84 and 86 were from methylene chioride. No attempt 


was made to identify the two remaining materials found in trace amounts. 
3.4 The Metabolic Pathway Leading to the Pheromone 


3.4.1 Chemistry of the glycosides from the Stobbe's gland. 


Thin layer chromatographs of crude extracts and aqueous layers 
from the partition step (see 2.3.2) showed the: presence of a ‘single 
large spot when examined with ultraviolet light. The Rf of the spot 
from both steps of the extraction procedure in P. separata was 0.70 
identical with authentic benzyl-B-glucoside. The compound from M, 
configurata had an Rf = 0.71, close to P. separata and standard 
benzyl-8-glucoside while other standards run had greater value, e.g. 


isopropyl-f-glucoside (Rf = 0.79). The chloroform layer from P. 
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Fig. 61. Mamestra configurata. Gas-liquid chromatography — evidence 
for identification of pheromone and hydrolysis product. 


A, Hair pencil extract 60HP/ml OV-17 glass 6" x 1/8"°T =125 Ce 


> 
" 


10ex L6osPerkin Eimer 09 08G Ge B. OV=17 glass 6" x*1/8" 1)=) 110 


A 


1 x 10° Beckman G.C.S. (i) Standard phenyl ethanol; (ii) 15 
glands in 20 wl buffered (pH = 5.0) emulsin after 24 hours at room 
temperature, 30 wl MeClo extraction; (iii) 4 glands in 20 wl buffer, 


20 ul MeCl2 extraction. 
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TABLE II 
Gas-liquid chromatography of the pheromone of 


Mamestra configurata 


Material Retention (mins) Column Temp. °C 
Hair pencil extract iNet) OV-17 110 
Standard 2-phenyl ethanol ee) OV-17 110 
Hair pencil extract 4.4 XE60 170 


Standard 2-phenyl ethanol 4.4 XE60 170 
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Fig. 62. Mamestra configurata. Mass spectra of pheromone and 
hydrolysis product. 

A. Crude extract of 60 hair pencils/ml methylene chloride. 
B. Hydrolysis product from 15 Stobbe's glands/20 ul buffered 
(pH = 5.0) emulsin after 24 hours at room temperature. C. Standard 


2-phenyl ethanol in’methylene chloride. AE1 M.S.9. 
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Separata also showed a spot (Rf = 0.71) that turned pale lemon yellow 
on exposure to light for 24 hours. 

Mass spectra from both crude extracts and aqueous layers from 
both species were free of significant contamination (fig. 63). The 
parent peak of the compound from M. conftgurata had a mass of 302 
(M + NH," ), corresponding to a molecular weight of 284 (fig. 63A). 
Both spectra show a significant peak at 180, which corresponds to the 
unsubstituted hexose fragment of the molecule (M + NH, - ROH) (Hogg 
and Nagabhushan, 1972). The spectra of standard benzyl-8-glucoside 
showed three major peaks at 180, 270 and 288, corresponding to those 
from the spectrum of P. separata (fig. 63B). Neither benzaldehyde 


nor 2-phenyl ethanol could be extracted from these glands. 


3.4.2 Site of synthesis of the glycoside 


The fat, body of male and female M. configurata does not contain 
measurable amounts of phenylethyl-8-glycoside. Uptake of glycoside 
by pupal tissues is unlikely. The only aglycone detected in signifi- 
cant amounts from the Stobbe's gland was the 2-phenyl ethanol derived 
from the natural precursor. A trace of benzyl alcohol, derived from 
the injected analogue, was found in only one replicate. Nothing 


measurable was found in the non-polar fraction from fat body or dorsal 


muscles. 


3.4.3 Incorporation of labelled precursors into the glycoside 


L-phenylalanine is a good precursor of phenylethyl-8-glycoside 
with up to 1% of the label incorporated. The relative migration of 


cold phenylalanine, and phenylethyl-B-glucoside corresponded with the 
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Fig. 64. Pseudaletia separata. Hydrolysis product of the glycoside. 
A. (i) Standard benzaldehyde and benzyl alcohol; 

(ii) methylene chloride layer of 6 glands in 10 yl buffered (pH = 5.0) 

emulsin after 24 hours at room temperature. 5% FFAP 6' x 1/8" 

stainless steel. T = 134°C. A=5x 10°. 8B. “Mass spectrum of 


peak II AEI M.S. 12 with coupled Varian Aerograph. 1400 G.C. 
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Fig. 65. Mamestra conftgurata. Thin layer chromatography of labelled 
products from the Stobbe's gland. 

A—C. Radioactivity from strips of a chromatogram measured by 
liquid scintillation counting, with a cold chromatogram below for 
comparison. 

| | Y | 

Aare Oca Ga phenylalanine-U-c’* sta GY and labelled products 
from two Stobbe's giands| J using n-butanol; acetic acid; water, 
4:1:1. Lower chromatogram of L-phenylalanine + phenylethyl-B-glycoside 
developed in same solvent (trace at origin from Seabee dee in stock 
phenylalanine). 

BP On 2a Gx shenylatansnesuees’ Yy - tabetted products from 
two Stobbe's glands | :| chromatographed using chloroform: methanol 
2:1. Lower chromatogram of L-phenylalanine and phenylethyl-8-glycoside 
using same solvent system. : 

C2." .0, 25 C1 ‘cinnamic sciarc Y ae labelled products from 

‘A 
two Stobbe's gianas| | ,» chromatographed using benzene: acetic acid: 
methanol, 4:1:2. Lower chromatogram of cinnamic acid and phenylethyl- 
B-glycoside, using the same solvent system. 
(All 10 replicates of A and B and all 3 replicates of C had 
significant radioactivity in the indicated areas). 

D. Composite of four chromatograms of type B, showing the spread 

of radioactivity observed. | 
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radioactivity found in chromatograms of a standard dose (0.2 uC) of 
L-phenylalanine and the major labelled product of the Stobbe's gland 
respectively (fig. 65A and B). In n-butanol: acetic acid: water, the 
spots are small (average diameter = 8 mm) but only separated by a 

short distance (Figs 65A). This system was highly reproducible, all 
replicates showing most labelling in the same 1 cm strip. Greater 
separation was achieved with chloroform: mathanol, but the spots were 
larger (average diameter = 15 mm) (fig. 65B). In this system, a 

larger area of the chromatogram contains a significant number of 

counts (fig. 65D). 
| The chromatograms of the Stobbe's gland extract were very clean. 
Only one large peak of activity was seen. Apart from a little activity 
at the origin and the single peak, all other strips were not signifi- 
cantly different from the background. In particular, there was no 
activity in the area of phenylalanine migration, suggesting that there 
is little free phenylalanine in the mature Stobbe's gland. This result 
agrees well with the observation that few other soluble substances are 
present with the glycoside in the Stobbe's gland (Clearwater, 1975a). 

Uptake of phenylalanine is not uniform throughout development 

(fig. 66). Young pharate adults, from the beginning of development to 
the stage in which eye pigmentation, and antennae and I tibial spine 
sclerotization is complete, consistently incorporate very little acti- 
vity. Most activity is found in pharate adults beginning to incorporate 
pigments into the wing scale (stage III). At this stage, the Stobbe's 
gland has hypertrophied and developed an end-apparatus (see 3.2.6). 


Older pharate adults show an erratic decrease in ability to incorporate 


this precursor. 
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Fig. 66. Mamestra confitgurata. Ability of different stages to incor- 
porate radioactive precursors. | 
Stage of development at tame of injection. 
Stage I. Deposition of pigment in the compound eyes. 
Stage II. Sclerotization of the large tibial spine on the developing 
prothoracic leg and antennae. 
Stage III. Deposition of pigment in scales of the wing and thorax. 
Stage IV. Deposition of pigment in scales on dorsal abdomen. 
Stage V. Completion of pigmentation. 
Stage VI. Formation of ecdysial sutures. 
Stobbe's gland - S.G. 
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The Stobbe's’ gland and the hair pencil incorporate comparable 
amounts of phenylalanine (fig. 66). The hair pencil contains 2-phenyl 
ethanol (M.W. = 122) plus two other compounds in trace amounts while 
the Stobbe's gland contains only phenylethyl-8-glycoside (M.W. = 284) 
(Clearwater, 1975a). If the labelled carbon is uniformly spread 
throughout the glycoside molecule, the hair pencil would receive less 
than half of the activity when the precursor is hydrolyzed to release 
thevpheromone: “In fact the hair pencil’ has ‘slightly more activity 
than the Stobbe's gland, suggesting that all the radioactivity is from 
the aglycone. 

The radioactive pheromone extracted from the hair pencil is 
less accurately measured, as, unlike the Stobbe's gland, other meta- 
bolic products or unreacted phenylalanine were not separated from the 
pheromone. The remnant of activity found in insects injected just 
before emergence (stage VI) is possibly due to contamination. At 
this stage, the Stobbe's gland is extruding large vesicles of phero- 
mone precursor into the extracellular cavity (fig. 59) and further 
incorporation of phenylalanine would be unlikely. 

Combustion analysis revealed that most of the phenylalanine 
remained within the insect with less than 3% of the dose present in 
the meconium. Loss of available phenylalanine through conversion to 
melanin (via tyrosine) did not appear to be significant. The fore- 
wings of this species are black (melanin) with a little green and 
silver, and were used as an assay of the amount of phenylalanine lost 
to melanin, The amount of activity incorporated by pharate adults 
injected just before pigment deposition (stage II) and when pigmenta- 


tion of the wings was complete (stage IV) was the same —- approximately 
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2 X 10° DPM/wing. 

Small amounts of cinnamic acid-2-C'* are incorporated into the 
glycoside and hair pencil (fig. 65C). The smaller incorporation is 
most likely due to the much lower specific activity of cinnamic acid 
compared with phenylalanine. All replicates showed activity close to 
phenylethyl-8-glycoside, but the amount was only twice background in 
one case. The correlation between stage of development and ability 
to sequestre precursor, observed for phenylalanine, also holds for 


cinnamic acid (fig. 66). 
3.5 Release of the Pheromone from the Glycoside 


3.5.1 In vttro hydrolysis of the glycoside 


At least two compounds could be extracted by methylene chloride 
from the incubation medium containing glands from P. separata (fig. 
| 64A ii). The'first peak had a comparable retention time to benzalde- 
hyde, but they were not identical. Both peak I and benzaldehyde 
appeared as separate peaks when the standard solution was mixed with 
the test. In contrast, peak II showed complete superimposition with 
benzyl alcohol. The mass spectrum of peak II corresponded with benzyl 
alcohol (fig. 64B). 

The single detectable peak obtained from the same experiment 
with M. conftgurata had the same retention time as 2-phenyl ethanol 
(fig. 61B ii). Barely discernible amounts could be extracted from 
the control. The mass spectrum was relatively free from contaminants 
and provided a useful comparison with the hair pencil extracts. This 


preparation was used to establish the accurate masses of the main 


peaks (table III). 
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TABLE Serr 


Accurate masses of the hydrolysis product from Stobbe's gland in 


Mamestra configurata 


Nominal Mass Accurate Mass 
Pee 122.0737. 
92 92.0617 
91 91.0548 


(Direct Probe on AEI M.S. 9) 


Calculated Mass 


TZ 2nOroe 
92.0626 


91.0548 
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3.5.2 Assay of an hydrolytic enzyme from the hair pencil cap cells 


Beta-glucosidase activity is present in the fat body and in the 
hair pencil cap (fig. 67). The reaction is slow at room temperature 
but can be demonstrated with material from a single insect, and is 
readily reproducible. Activity is found in one-day-old adults, but 
is lost by the third day. In a newly-emerged male, the brush portions 
of the hair pencil are intermeshed, and held on the intersegmental 
membrane between sternites II and III where they develop (fig. 70A). 
Hair pencils at this stage lack the distinctive scent that can be 
discerned on hair pencils that have been tucked into the abdominal 
machi It is significant that enzyme activity can be found in the 
cap of hair pencils that lack the scent, but not in mature animals 


that possess the scent (fig. 67). 
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Fig. 67. Mamestra conftgurata. B-glucosidase activity in adult 
tissues. 

Tissue homogenates (hair-pencil caps (HP), fat body (FB), 
etc.) from a single inact were incubated Hans ml of substrate 
for up to seven days at room temperature and the reaction followed 
with a spectro-photometer. Spontaneous hydrolysis of the substrate 


occurred if incubated for more than seven days. 


S4a 


ArGLUCOSIDASE ACTIVITY IN ADULT TISSUES 


04 FB. One day old 


H.P One dayold(—ve phenyl ethanol) 


03% 


A400 
0-2 


HP Three day old (+ve phenyl ethanol) 
,-Control tabs. | 
_-E B. Three day old 


~~ssAntennae 


01 


Time (days) 


oe) 
a 
fy 
= 
+ 


eabecs? UGA Vil YTRAGGA 


; 
iS 


: le Pola: So ee ieaitebe rir tne } 
(jonérite itr arig’s veld ya eat FM (ern, Wace ko 


ey 


cl RO 


+4 y t Ae , “i 
P ial ted 
ui \ 2), es Re 
fa i: — : a ist Tit saad 7 eh 


“f eee | a3 


2 y ~adat veg s re ‘ y 
eee nha bir 


7 - = > iF? Es 5 Yet , 2) ’ i 
ie “VE ee ae Le ars ith ss sunt ay a 
on @ 7 z Sey bo y _ : an ar, + - ; 
= se | a : ; 2 : 
E : + 2», sat a Y 
Er os Viny cs j oe Ss b t 


seth 


nisiids: Ivaarlg piel alo val Sault eH 
F . 3 7 ra a : se ‘Venta bs * . bs E 
bile we Serdh Bae ee 
oe EH ie, 


te ee “Sennatanee™ ee a. 


=" “e a 
- ee : : e 
- a a a = = ¥ 


Sh : 
as ay 


z - y oa ie os j - ; a 
oe ene Ty aut Rae fide Tea 
oe! 3 D : 7 hy ie ire sc bas 
A Sa Meme | fish ad em aca 


4, DISCUSSION 
4,1 Evolution of Male Pheromone Systems in Noctuidae 


4.1.1 Functional considerations 


The pheromone system of the moths studied provides insight into 
processes of evolutionary specialization (fig. 68). The development 
of a complex wing gland in E£. graminosa seems to have allowed the 
abdominal system to retain a primitive structure (fig. 68 - Stage 1). 
The aspect ratio and surface sculpture of the pouch scales are compar- 

able to body scales. It is likely that the ancestral scent-producing 
aa tract combined the functions of scent production and release. 
The protected position of the scales inside the pouch would have 
diminished pheromone losses, but the restricted scale surface area 
would have been unlikely to have allowed high release rates for any 
but the most volatile compounds. Elongation of the scale and develop- 
ment of complex microsculpture would have greatly increased the 
efficiency of a system depending on physical diffusion (fig. 68 - 
Stage 2). The development of pheromone dust or transfer scales in 
bucterfl1eés. 15) :a parallel adaptation effecting a rapid transfer of 
chemical (Vane-Wright, 1972). An adaptation able to counteract the 
effect of the wings of the hovering male moths, which must draw off 
an appreciable amount of the released compound, would have consider- 
able selective value.* Before effective strut support of these scales 
could have been developed, a change from the diffuse scale insertion 


of M. aleyone (fig. 12) to the restricted area of the basal sclerite 


*For a discussion of noctuid mating behavior see Birch (1970a). 
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Fig. 68. Evolution of hair scale systems in male Noctuidae. 

Diagram illustrating possible evolutionary path leading to 
the complex Stobbe's gland hair pencil system. The system has origin- 
ated in a shallow, membranous, pleural trough Gj. the evough and 
scales are short in Erana gramtnosa (stage 1). Lengthening of both 
components would have increased system efficiency; the longer scales 
providing increased evaporation surface, and the longer trough giving 
a degree of protection from pheromone loss while at rest (Melanchra 
aleyone stage 2). 

Specialization of the trough occurs, with the caudad 
portion sclerotizing to form the protective pouch, while most of the 
cephalad portion remains membranous. Local sclerotization of the 
cuticle forms the lever. Based on the observed developmental events, 
it is suggested that the original group of pheromone secreting and 


releasing cells, split to form two specialized groups (white arrow). 
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of 
in P. separata must have occurred (fig. 18, 68 - Stage 3). 


4.1.2 Evolution of the scale 


The lepidopterous scale is an extremely labile structure, its 
fullest potential for variability being exploited during the evolution 
of pheromone systems. Surface structure of the scales of three of 
the most primitive lepidopteran families — Micropterygidae, 
Eriocraniidae and Mnesarchaeidae — were examined by Kristensen (1970). 
Wing scales of Mtcropteryx calthella (Linnaeus) and Ertocrania 
semtpururella (Stephens) are covered with long, parallel ridges 2—3 u 
apart. The only sculptural elements between the ridges are fan-like 
groups of short delicate crests. Distinct transverse striae are seen 
only in Mnesarchaea hanadelpha (Meyrick). Kristensen (1970) believed 
that these families exhibit scale structure similar to groups ancestral 
to the rest of the order. M°Coll (1969) considered that the involve- 
ment of scales in pheromone release is a very ancient one. The basal 
area of the hair scales examined in this study so strongly resemble 
these primitive micropterygid scales that a direct development may have 
occurred during their evolution. 

Further evidence for the ancient nature of these systems comes 
from the startlingly similar microsculpture of pheromone scales from 
individuals of species in different families and from different areas 
of the body. The hair pencil scale of Manduca sexta (Linnaeus) 
(Sphingidae) is almost identical to that of M. aleyone (cf. fig. 2 
Grant and Eaton, 1973). The wing scale of R. seotostalis is similar 
to the Sion tip scales of Trichoplusta ni (Hubner) (Grant and Brady, 


1973). Either these scales appeared early in the evolution of the 
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Lepidoptera or acquired through convergence a similar morphogenetic 
mechanism, 

The Stobbe's gland—hair pencil complex is likely to have 
arisen only once. The surface morphology of scales from P. mettculosa, 
Apamea monoglyphea (Hufnagel) and Leucanta impura (Hubner) differ only 
in detail from the three species examined in this study (Birch, 1970b). 
This system is thus more recent, and appears to have been acquired 
only by noctuids. Birch (1972) mentioned that the most primitive sub- 
family of the trifine Noctuidae, the Acronyctinae, lack this system 
and probably diverged before the Stobbe's gland and hair pencil had 
evolved. The mutation leading to the development of the distinct 
hexagonal sculpture may be similar to the one that causes occasional 
defects in basal areas (fig. 13). Hexagonally-braced eres are 
extremely strong and light (known as geodetic construction in aircraft 
manufacture)... Development of such a scale would leave the way free 
ex the evolution of extremely long and efficient pheromone release 


scales. 


4.1.3 Possible common origin of secretory and disseminatory components 


A marked feature of the more complex systems is the separation 
and specialization of scales for either pheromone secretion or dis- 
semination. Early development in M. configurata strongly suggests that 
the Stobbe's gland and hair pencil have a common origin evolutionarily 
as well as developmentally. Both structures develop on the same fold 
of epidermis and apart from size and number of cells they can be diffi- 
cult to distinguish in early stages. It is possible that the B-glycoside 


of the Stobbe's gland and the $-glycosidase of the hair pencil cap cells 
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were once part of a metabolic sequence contained in all the cells 
(Clearwater, 1975a). Physical separation of gland and hair pencil may 
have been accompanied by loss of ability to synthesize either the 
enzyme or the pheromone precursor. 

The progression in degree of development of surface complexity 
of the disseminating scale surface from £. gramtnosa and M. alcyone 
to M. configurata is paralleled by a loss of surface detail in scales 
associated with secretory cells. The small scales of the scent patch 
on the wing gland of FE. gramtnosa possess low ridges and small protru- 
Sions (figs. 9 and 10), while the scales leading from Stobbe's gland 


are quite smooth (figs. 20 and 21). 


4.1.4 Are these structures vestigial? 


A question that must always be faced in a discussion of this 
type is whether a particular structure is vestigial rather than close 
‘to the ancestral type. Several species of noctuid with vestigial 
pheromone systems have been collected in Britain and described by 
Birch (1972). The Stobbe's gland is always the first component to 
disappear, followed by the hair pencil scales and the protective 
pocket. Several species retain only the lever, while Euplexta luetpara 
(Linnaeus) exhibits the highest degree of reduction with only two small 
processes arising from the posterior angles of sternite II persisting. 
In general, vestigial systems are characterized by retention of the 
hard parts, while supposedly primitive species (£. graminosa and M. 
aleyone) display simple but possibly functional systems. It is also 
Pe Comer keen these species were collected only in New Zealand, 


geographically isolated islands that appear to have assured the 
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Survival of many undoubtedly primitive species from other orders. 


4.1.5 Comparative gland structure 


A functional classification of insect exocrine glands can be 
erected on structural (Noirot and Quennedy, 1974) or chemical grounds. 
Strikingly similar structures have evolved in widely separated species 
to produce chemically comparable products. Relatively inert materials 
such as the long chain, unsaturated compounds that function as long 
range attractants in Lepidoptera (e.g. Trichoplusta ni (Hubner), Berger, 
1966; Bombyx mort (Linnaeus), Butenandt et al., 1959) are produced in 
cells having the secretory surface (microvilli) in extended intimate 
contact with much of the cell cytoplasm (fig. 69A). More toxic com- 
pounds such as anisomorphal (the defensive secretion of Antsomorpha 
buprestoides (Stoll), Happ, et al., 1966) and the short chain fatty acid 
(component of the sexual pheromone of the mecopteran Harpobittacus 
‘qustralts (Klug), Crossley and Waterhouse, 1968) are produced by cells 
with microvilli restricted to a small area and cuticle lined ducts, 
which may prevent diffusion back into the cytoplasm (fig. 69A). 

The most toxic compounds are aromatics — aldehydes and quinones. 
Tenebrionids and noctuids, quite unrelated taxonomically, produce 
similar chemicals and share (a) glycosides as precursors, (b) extra- 
cellular reaction compartments and (c) very long duct systems. The 


more toxic the secretion, the greater is the distance between cytoplasm 


and final product (fig. 69C): 
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Fig. 69. Similarities between cell: structure and secretion: 
Diagram illustrating similarities between cell structure 
and secretion. A. Cells producing relatively inert substances have 
a long unmodified border of microvilli (Mv) (Jefferson et al., 1966, 
after Waku and Sumimoto, 1969). B. Microvilli (Mv) are restricted 
to a region near a cuticular duct, in cells producing moderately 
toxic compounds. Harpobittaecus australis has evolved a specialized 
tubule carrying cell (tu) (after Crossley and Waterhouse, 1969; 
Happ et al., 1966). C. Happ (1968) demonstrated that the secretory 
product in Eleodes longtcollts appeared as a glycoside. This inert 
material moves across the extensive border of microvilli (Mv) while 
the toxic quinone is produced on a restricted cuticular reaction 
site. Male noctuids have convergently acquired the essential fea- 


tures of this scheme. 


612 


a) 


Terns Matteson eee 


ombyx mori (Lepidoptera) Trichoplusia ni (Lepidoptera) 


(trans10-cis42-hexadecadien-1-ol) (cis-7- dodecen-l-y! acetate) 


Slt 


62 


4.2 Production of the Pheromone by the 


Stobbe's Gland—Hair Pencil Complex 


4.2.1 Are there any other organs. involved? 


The Stobbe's gland and the hair pencil appear tobe the only 
organs eonenibecias to the development of the male pheromone of M, 
configurata. The fat body was an attractive candidate for glycoside 
biosynthesis, but the absence of measurable quantities of the specific 
glycoside, and the inability of the Stobbe's gland to absorb a glyco- 
side that differed only in the length of the carbon chain linking the 
Sugar with the aromatic ring, from the normal precursor, renders 
this hypothesis unlikely. 

L-phenylalanine is a normal constituent of insect hemolymph 
(Gilmour, 1965) and the uptake of this amino acid by the Stobbe's 
gland from the, surrounding hemolymph probably initiates the synthesis 
‘of the pheromone of M. configurata. The lack of free phenylalanine 
in the Stobbe's gland suggests that the rate of uptake of the amino 


acid may be a limiting factor of metabolism. 


4.2.2 Synthesis of the glycoside by the Stobbe's gland 


Comparison of my results ike earlier work allows some conclu- 
sions to be drawn about the secretory mechanism of Noctuidae. The 
perinuclear cytoplasm appears to be the major area concerned with 
production of the pheromone precursor. In Phlogophora mettculosa 
(Linnaeus) Birch (1970b) observed that microvilli are restricted to 
the face of the central cavity underlying the nucleus. Concentrated 
in the cytoplasm surrounding the nucleus are large numbers of 


vesicles (Vs) in M. conftgurata. Two types of large vesicles are 
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found in the extracellular cavity of P. separata (Clearwater and 
Sarafis, 1973) in addition to those of M. conftgurata, but these are 
not present in P. mettculosa. As electron micrographs of P. separata 
also fail to reveal vesicles in the central cavity (Clearwater, 
unpublished reenitay the apparent lack of vesicles in P. meticulosa 
may be due to lack of Nomarski or phase contrast study of living 

giands in Birch's (1970b) study, rather than to fundamental differences 
between P, meticulosa and the other two species. 

It seems dikely that the glycoside is synthesized.in the peri- 
nuclear cytoplasm of the Stobbe's gland and is extruded into the 
extracellular cavity in the form of large vesicles just before eclosion. 
In P. separata, the gland begins to decrease greatly in size one day 
after emergence (Clearwater and Sarafis, 1973) while the free aromatic 
on the hair pencil begins to rapidly increase on the following day 
(Clearwater, 1972), signalling the transfer of the glycoside from the 
central cavity of Stobbe's gland to the hair pencil. The gland only 
releases precursor once, as blocking the opening of the gland after 
the discharge has no effect on the subsequent production of scent in 


P, mettculosa (Birch, 1970b). 


4.2.3 Interaction between the enzyme and the glycoside 


The glandular cells at the hair pencil base of noctuids have 
been previously noted (Ford, 1955). The presence of a 8-glucosidase 
in the hair pencil cap cells of young adult M. configurata, and the 
absence of this enzyme in the cap area in older insects that have 
developed their scent, suggests that the B- glucosidase is produced in 


the cap cells, and moves down the lumen of the hair scales (fig. 70). 
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Fig. 70. Mamestra configurata. Flow diagram. Interaction of 
glycoside and enzyme, producing the pheromone. 

The enzyme is produced by the cap cells and moves down the 
scales from the shaft(1), to the transition area @), which differs in 
its sumiace properties (only area able to strongly absorb methylene 
blue) from the evaporative area G). 

The distal evaporation area of the scales are initially held 
between sternites II and III, (A); but in the mature animal, are held 


in a deep lateral pouch, (). 


The glycoside moves from the Stobbe's gland down the duct 


scales which contact the transition area Oy 
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Birch (1970b) noted that water introduced into the lumen of hair scales 
of P. mettculosa runs rapidly to the tip. Permanent preparations of 
the hair pencil of P. separata reveal that methylene blue only stains 
strongly the transition area of the hair scale (Fig. 70), suggesting 
that the permeability of this area differs from that of the remainder 
of the scale (Clearwater, 1975b, fig. 18). In all species examined, 
the tips of the duct scales from the Stobbe's gland make contact with 
the transition area. It is possible that the glycoside is absorbed 
through the surface of the transition area, into the lumen of the hair 
scale where it reacts with the enzyme. The intricate sculptured surface 
of the brush is hydrofuge and very thin (120 A) (fig. 70) and would 
present a minor barrier to the passage of the pheromone, non-polar 
2-phenyl ethanol. 

Noctuid males are usually able to mate more than once. 
Trichoplusta iB is able to mate an average of 3.3 times (Shorey, 1964). 
Birch (1970a) demonstrated that P. mettculosa males were able to re- 
charge the hair pencil at least twice, but not more than three times. 
2-phenyl ethanol and benzaldehyde are very volatile, and all of the 
pheromone on the scale surface is likely to be lost each time the hair 
pencil is spread. If all the eres e is rapidly hydrolyzed as soon 
as it comes in contact with the enzyme, the pheromone would be avail- 
able for only the first mating. The enzyme found in the cap cells 
hydrolyzes glycosides rather slowly (fig. 67) and may have hydrolyzed 
only a portion of the pheromone precursor by the time of the first 
mating (third night in P. separata, Clearwater, 1972). Continued 
slow hydrolysis after the hair pencil is replaced into the pouch would 


recharge them for a second or third mating. In P. separata there 
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appears to be at least one recharging of the brush after the first 


production and discharge of the pheromone (fig. 4, Clearwater, 1972). 


4.2.4 Conversion of the glycoside to the pheromone 


The release of phenyl ethanol from phenylethyl-8-glycoside 
may be simply accomplished by an enzyme with hydrolytic properties 
Similar to emulsin (fig. 71). Formation of benzaldehyde is possibly 
more complex, and probably arises from the benzyl alcohol released by 
hydrolysis of benzyl-8-glycoside. Both Aplin and Birch (1970) and 
Grant, Brady and Brand (1972) have identified benzyl alcohol in male 
mnoctuids. Grant et all. (1972) showed that male-P. untpuncta carry. 
large (11.31 ug/brush) amounts of benzyl alcohol and little (3.40 ug/ 
brush) benzaldehyde immediately following eclosion, while on the 
second day the proportion of the two compounds is reversed. The 
_ following pathway is proposed for the two species of Pseudaletia 
(fig. 71). Alternatively, a direct conversion to benzaldehyde may 
be possible. Birch (pers. comm.) has used emulsin to produce benzalde- 


hyde from a preparation of glands from Leucanta tmpura. 


4.2.5 Metabolic pathway to the glycosides 


The noctuid hair pencil—Stobbe's gland complex appears to 
have arisen only once (Birch, 1972). The very great similarity of 
the pheromones and pheromone precursors of P. separata and M. 
configurata allows the supposition that they share a similar metabolic 
pathway (fig. 72). If the critical step is the introduction of an 
hydroxyl group by hydration of the side chain double bond, only a 


slight change in enzyme specificity would result in the production of 
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Fig. 71. Mamestra configurata and Pseudaletta separata. Hypothetical 


metabolic pathway — glycoside to pheromone. 
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Fig. 72. Mamestra configurata and Pseudaletta separata. Hypothetical 
metabolic pathway — phenylalanine to glycoside. 
Evidence for involvement of phenylalanine, cinnamic acid, 


phenylethyl-8-glycoside and benzyl-B-glycoside only. 
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either the precursor of M. configurata or of P. separata. A comparable 


mechanism, in reverse, has been established in the production of 
unusual unsaturated fatty acids in bacteria (Norris, Matsumura and 
Bloch, 1964). Dehydration of B-hydroxy decanoyl thioesters to either 
a,B- or B,y-decenoates, depends on the presence of a removable regu- 
lator on the specific hydrase. Condensation of the o- or B-hydroxy 


acid with UDP-hexose may produce the species specific glycoside. 


4.2.6 Evolutionary considerations 


In common with the defensive secretions of Eleodes longtcollis 
(Leconte) and Trtboltum eastaneum (Heese) (Coleoptera: Tenebrionidae) 
(Happ, 1968) the male pheromones of M. conftgurata and P. separata 
appear to be stored as glycosides. Like the benzoquinones of the two 
beetles, benzaldehyde and 2-phenyl ethanol are toxic to cell metabolism. 
Storage as a dig SS THE appears to have circumvented the problems of 
insolubility and toxicity. 

The two glycosides from the two noctuids are very similar, 
possibly differing only by a single C; unit in the side chain linking 
the phenol and the sugar groups. (The sugars of these glycosides were 
not identified, though both are unsubstituted hexoses). Aplin and 
Birch (1970) identified both benzaldehyde and 2-phenyl ethanol from 
Potia nebulosa (HUfnagel) and Mamestra perstearias (Linnaeus). The 
presence of both compounds in a single species suggests that only 
slight modifications of the metabolic pathway or slightly different 
precursors may be necessary for their production. Benzaldehyde is an 
extremely common pheromone, being found in Leucanta impura (Hubner), 


L. pallens (Linnaeus), Polta nebulosa (Hufnagel), Mamestra perstcartas 
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(Linnaeus) from Britain (Aplin and Birch, 1970), Pseudaletta untpuneta 
(Haworth) from North America (Grant et al., 1972), Melanehra ltgnana 
(Walker), M. omoplaca (Meyrick), M. usttstriga (Walker), Pseudaletta 
separata, Persectanta aversa (Guenée) and P. steropastts (Meyrick) from 
New Zealand (Clearwater, 1971). Selection may be favouring alteration 
of the pheromone chemistry toward other aromatics such as 2-phenyl 
ethanol, or 3-methoxy-4-hydroxy benzaldehyde tentatively identified 


from Erana graminosa (Clearwater, 1971). 
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scent pencils of male Vitula edmandsae (Lepidoptera: Phycitidae). 
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